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Abstract: Raspberry (Rubus idaeus L.) fruits are characterised by a high content
of nutraceuticals, such as vitamin C, polyphenols and anthocyanins, which are
considered antioxidant compounds. The ready-to-eat raspberry product could
increase the market opportunities and the consumption of this high-value-
added fruit. The aim of this research was to evaluate the evolution of qualita-
tive and nutraceutical characteristics during the shelf-life of ready-to-eat rasp-
berries. Samples from three raspberry cultivars (‘Glen Magna’, ‘Tulameen’ and
‘Heritage’) were sanitized and then packed in polypropylene bowls. The analy-
ses were carried out at harvest (raw material) and after 3, 6 and 8 days of stor-
age at 3°C. The study indicated the loss of fruit firmness as the most problemat-
ic aspect, followed by a less important change in hue values from light red to
dark red. The modifications of chemical-physical parameters (soluble solids
content, pH and titratable acidity) during shelf-life did not compromise the
product quality. Processing and cold storage affected only slightly the nutraceu-
tical profile (scavenging activity, phenols and anthocyanin content), except for
ascorbic acid, therefore, the ready-to-eat raspberries could be considered a
good source of compounds with potential health benefits. Some handling diffi-
culties were highlighted during processing due to the high fragility of fruit
which caused a high percentage of waste. 
1. Introduction
Increasing epidemiological data suggested the correlation between
the consumption of fresh fruits and vegetables with the prevention, delay
or onset of chronic degenerative diseases, including cancer (Kaur and
Kapoor, 2001). Fruit and vegetables are, in fact, rich of the so-called
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nutraceuticals, which are compounds with a signifi-
cant biological action, especially as antioxidants
(Szeto et al., 2002; Fu et al., 2011). Phenolics com-
pounds, as an example, have a significant antioxidant
activity (Szajdek and Borowska, 2008). They can
donate electrons to the reactive oxygen species
(ROS), converting them into innocuous molecules
(Haminiuk et al., 2012) and they can also exert bene-
ficial modulatory action in cells (Williams et al.,
2004). Ascorbic acid (AA) is an essential vitamin that
is found in fruits and vegetables and it has several
positive functions: in plant and animal systems, AA
interacts enzymatically and non-enzymatically with
the reactive oxygen species and it is able to termi-
nate the radical chain reactions by converting the
ROS in non-toxic products (Davey et al., 2000).
Red raspberry fruit (Rubus idaeus L.) are highly
appreciated by consumers for their aromatic taste,
especially when they are fully ripe. They are an
important dietary source of bioactive compounds
(Kähkönen et al., 1999) such as anthocyanins,
hydrosoluble pigments belonging to the class of
polyphenols (Benvenuti et al., 2004; Pantelidis et al.,
2007; Szajdek and Borowska, 2008) and vitamin C
(Mazur et al., 2014 a, b). Unfortunately the posthar-
vest life of this small fruit is short, because of its  high
respiration rate, loss of firmness and freshness, sus-
ceptibility to fruit rot and darkening (Krüger et al.,
2011); consequently it loses very early its market via-
bility.
Ready-to-eat fruits and vegetables are one of the
most important novel products introduced into the
Italian agro-food system over the last 30 years and
they represent a dynamic and innovative sector. In
the last few years, the consumption of these prod-
ucts has increased, because the doubt and mistrust
that characterised them in the 90’s have now disap-
peared. Ready-to-eat products are very convenient
because they do not need any preparatory operation
(washing, cutting) before consumption. There are
obviously some disadvantages in using this kind of
products: they are usually costly and the processing
operation can shorten the postharvest life of the
fruit/vegetable. However, since fruit are poorly eaten
by kids and teens (OECD, 2012) the diffusion of
ready-to eat products is often encouraged in order to
increase fruit consumption among young people.
Raspberries are generally eaten fresh and a ready-to-
eat product could increase the consumption of this
bioactively rich fruit. The aim of this research was to
evaluate the qualitative and nutraceutical character-
istics during the shelf-life of ready-to-eat raspberries.
2. Materials and Methods
Raw material
Investigations were carried out on raspberry fruits
of three different cultivars picked at commercial
maturity: ‘Heritage’ and ‘Glen Magna’, grown at the
fruit experimental centre of Milan University (Italy)
and ‘Tulameen’, grown at the experimental compara-
tive field for berry fruits of the Catholic University of
Piacenza (Italy). On arrival at the laboratory the fruits
were stored at 3±1°C till the processing time, always
within 24 h.
Processing
Raspberries were manually selected in order to
remove damaged fruits. Fruits were dipped in a disin-
fectant solution (0.022% of active chlorine) for 10
min and successively rinsed in tap water for 1
minute. Raspberries, after being softly dried with
adsorbent paper, were packed and hermetically
sealed in polypropylene (Transpiration rates (TR):
O2TR: 0.117 mm
3 m-2 d-1 Pa-1; CO2TR: 1.847 mm
3 m-2
d-1 Pa-1) bowls (100 g per bowl), previously sanitized
by UV radiation, and hermetically sealed with a film
(O2TR: 0.476 mm
3 m-2 d-1 Pa-1; CO2TR: 2.17 mm
3 m-2
d-1 Pa-1) using a packaging machine Mod. TSM 95
(MINIPACK-TORRE, Dalmine, Bergamo, Italy). A rack,
made of the same material was inserted inside the
bowl in order to drain any dripping liquid. The packed
fruits were then stored at 3±1°C for 8 days.
Chemical and physical analyses
Chemical and physical analyses were carried out
on six samples (100 g each) of raspberry fruits per
treatment at harvest (raw material) and after 3, 6
and 8 days of storage at 3°C. Fruit of each bowl were
weighed and the amount of weight loss was mea-
sured by the percentage alteration between the ini-
tial (packaging) and final weight of the fruit of each
bowl. Tititratable acidity [g citric acid/100 g fresh
weight (FW)] and pH were assessed according to the
Official Methods of Analysis (AOAC, 1985) and the
soluble solids content (SSC, %) was measured by a
multiscale automatic refractometer (RFM91 model,
BS, UK). Colour parameters L*, a* and b* were mea-
sured by using the spectrophotometer CM-2600-D
Minolta and hue was calculated as arctangent
(b*/a*). Texture was measured on 15 fruit per treat-
ment and sampling date, using an Instron Universal
Testing Machine (model 1140, Instron, High
Wycombe, UK), as maximum force (g) used to com-
press by  the fruit (crosshead speed 10 cm/min). 
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Analysis of the nutritional compounds
Nutritional compounds were analyzed on 3 sam-
ples (100 g each) per treatment and sampling date.
The fruit extracts (2 per sample) were prepared as
follows: 2 g of homogenized flesh were extracted
with 18 mL of solution made of EtOH 95% and HCl
0.02N (1:1 v/v), vortexed for 30 sec, centrifuged (15
min, 4°C, 10000 g) and filtered through a cheese-
cloth.
Since the most important nutraceuticals in Rubus
fruits belong to the phenols, this class of compounds
was analysed by two different assays.
i) Total phenols content (TPC) was measured by
Folin-Ciocalteu method, as described by Singleton
and Rossi (1965). An aliquot of 150 µL of fruit extract,
5 mL of distilled water and 1 mL Folin-Ciocalteu
reagent were incubated for 8 min, followed by the
addition of 2 mL of 20% Na2CO3. After 2h in the dark,
the absorbance was measured at 730 nm against
blank with a UV-UVIDEC 320 spectrophotometer
(Jasco, Japan). Results were expressed as mg of gallic
acid equivalent (GAE) per 100 g of fresh weight (FW).
ii) Total monomeric anthocyanin pigment was
estimated by the pH differential method described
by Giusti and Wrolstad (2001) using a UV-UVIDEC 320
spectrophotometer (Jasco, Japan). Extracts were
diluted 1:10 with two buffers at pH 1.0 and 4.5; read-
ings of each sample were made at 510 nm and 700
nm and the absorbance (A) of the diluted sample was













The anthocyanin concentration was calculated
using the cyanidin 3-glucoside (C3G) molar extinction
coefficient 26,900 and it was expressed as mg of C3G
equivalents  in 100 g of FW.
Ascorbic acid (AA) was determined according to
the method described by Davey et al. (2003) with
some modifications. Briefly, 300 mL of the extract
were added to 600 mL of 6% meta-phosphoric acid
solution, diluted 1:20 in ortophosphoric acid solution
(0.02M) and analyzed by an HPLC system (Jasco,
Japan). AA was separated on an Inertsil ODS-3 (GL
Science) column kept at 37°C and connected to a
variable wavelength detector (UV- 1575, Jasco) set at
254 nm, using as mobile phase 0.02M orthophos-
phoric acid at the flow rate of 0.7 mL/min. Ascorbic
acid concentration was expressed as mg in 100 g of
FW.
Samples were also subjected to one of the most
used free radical scavenging assays, which is relative-
ly easy and cheap in execution and is strongly corre-
lated with the sample’s nutraceutical content: the
2,2-diphenyl-1-pycrilidrazyl (DPPH.) assay (Brand-
Williams et al., 1995). The amount of 500 µL of a
solution 0.5 mM DPPH (dissolved in EtOH) 2.0 mL
EtOH and 100 µL of sample was mixed in a 1-cm path
cuvette and the absorbance at 517 nm against blank
(2.5 mL EtOH and 100 µL of sample) was recorded at
time 0 s and 180 s. The percentage of DPPH decrease








and the results were expressed as mg Trolox equiva-
lents in 100 g of FW.
Statistical analysis
Statistical analyses were carried out with the
Statgraphics software v.5.1 package (Manugistics,
Rockwell MD). Data were submitted to multifactor
ANOVA evaluating the main effects of the factors
“cultivar” and “shelf-life”. Differences among the
treatments were determined by Tukey multiple
range test or by Least significant distance (LSD) test
(P≤0.05). Data were also examined using multivariate
analysis by Principal Component Analysis (PCA).
3. Results
At the end of the shelf-life of the ready-to-eat
raspberries, a fairly limited weight loss (0.1-0.3%),
was noticed in all samples, mostly due to a slight
juice dripping (data not shown).
Samples from different cultivars were character-
ized by different soluble solids content (Table 1): the
cultivar Tulameen showed higher SSC values, fol-
lowed by ‘Heritage’ and ‘Glen Magna’. During shelf-
life, this parameter decreased slightly in the cultivars
Tulameen and Glen Magna while it did not change in
the ‘Heritage’ fruit.
Total acidity decreased during shelf-l ife in
‘Heritage’ and ‘Glen Magna’ and slightly in
‘Tulameen’ (Table 1). No important changes in pH
values were shown by ‘Heritage’ and ‘Tulameen’,
while a significant decrease of pH was found in ‘Glen
Magna’ fruit during the storage at 3°C (Table 1).
The compression test showed similar firmness for
all the cultivars (Table 1). After only 3 days of shelf-
life at 3°C, firmness decreased markedly in ‘Heritage’
(-32%) but only slightly in ‘Tulameen’ and ‘Glen
Magna’ (Table 1). At the day 6 a significant decrease
in firmness was observed in all the cultivar and, at
end of the shelf-life (8 days) all the fruits had a firm-
ness loss between -43% and -48%.
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Visual appearance is a key issue for commercial
shelf-life as consumer acceptance is often based on
fruit colour which is used to make conclusions on the
freshness of the product. The colour of ‘Heritage’ and
‘Tulameen’ fruits was characterized, at harvest, by
lower L*, a* and b* values (Table 2) than those
reported in literature (Çekic and Özgen, 2010; Krüger
et al., 2011). Fruit of ‘Glen Magna’ showed higher
lightness (L*) and lower a* and hue values than the
other two cultivars (Table 2). During shelf-life, the
trend of L*, a* and b* values was not well defined,
while hue decreased significantly in ‘Glen Magna’
and ‘Heritage’ indicating a darker red colour of the
fruit. ‘Tulameen’ sample was, instead, more stable
from the chromatic point of view.
At harvest the amounts of total anthocyanin of
‘Heritage’ (Granelli et al., 2010), ‘Tulameen’ (Kruger
et al., 2011) and ‘Glen Magna’ (Mazur et al., 2014 b)
were within the range of the values reported in liter-
ature (Fig. 1A) and the cv. Heritage showed the high-
est content. The cold storage induced a slight but sig-
nificant loss of anthocyanin in all samples: after only
3 days (-20%) for ‘Tulameen’ and after 8 days for
‘Heritage’ (-12%) and ‘Glen Magna’ (-13%). 
The average total polyphenols content (Fig. 1B)
was higher in ‘Glen Magna’, followed by ‘Tulameen’
and ‘Heritage’. TPC resulted quite stable over the
shelf-life and no significant decrease was recorded. In
our study the ‘Tulameen’ fruits showed the highest
ascorbic acid content (Fig. 1C) at the harvest. AA con-
tent decreased significantly after only 3 days in in
‘Tulameen’ fruit which showed a loss of 26%. The
final losses were about 26% for ‘Heritage’ and
‘Tulameen’ and even higher (-42%) for ‘Glen Magna’.
The cultivar Heritage showed a significantly lower
scavenging activity value (Fig. 1D) than the other cul-
tivar at harvest and this difference was confirmed
over the shelf-life. During storage the free radical
scavenging activity had an up and down trend, and
the end of the shelf-life it resulted slightly, even
though significantly, decreased only in the
‘Tulameen’ samples.
Principal components analysis (PCA) can provide
an overview of the shelf-life behaviour of ready-to-
eat raspberries from different cultivars (Fig. 2). From
the PCA analysis of the raspberry samples three func-
tions were extracted, explaining the 91.2% of total
variance. Considering the first two principal compo-
nents PC1 (54.3% of the total variance) grouped the
Table 1 - Maturity indices of ready-to-eat fruit from different
raspberry cultivars, at harvest (raw) and after 3-6-8
days shelf-life at 1°C
Different letters indicate significant differences among the days














Heritage raw 2.66 a 10.78 a 2.13 b 14.38 b
3 2.62 a 10.68 a 2.03  a 9.82 a
6 2.61 a 10.47 a 2.01  a 8.75 a
8 2.67 a 10.49 a 1.97  a 7.46 a
Tulameen raw 2.77 a 11.52c 1.55 b 14.50 b
3 2.71 a 11.13 b 1.55 b 12.29 b
6 2.75 a 10.83 ab 1.52 b 9.30 a
8 2.76 a 10.74 a 1.38 a 8.23 a
Glen Magna raw 2.82 a 9.54 b 1.72 c 15.05 b
3 2.82 a 9.31 ab 1.56 b 11.89 ab
6 2.90 ab 9.18 ab 1.49 ab 10.13 a
8 2.97 b 9.01 a 1.42 a 8.63 a
Main Factors
Cultivar Heritage 2.64 a 10.60 b 2.03 b 10.13 a
Tulameen 2.75 b 11.05 c 1.50 a 11.07 a
Glen Magna 2.87 c 9.26  a 1.54 a 11.42 a
Day of shelf-life raw 2.74 a 10.61 b 1.80 c 14.64 c
3 2.71 a 10.37  ab 1.71 b 10.97 b
6 2.75 a 10.10  a 1.67 b 9.74  ab
8 2.80 a 10.13 a 1.58 a 8.10 a
Table 2 - Color parameters of ready-to-eat fruit from different
raspberry cultivars, at harvest (raw) and after 3-6-8
days shelf-life at 1°C
Different letters indicate significant differences among the days




a* b* L* Hue (h°)
Heritage raw 21.75 ab 9.75 a 27.44 ab 24.03 b
3 22.84 ab 9.10 a 27.60 ab 21.58 a
6 21.65 a 8.23 a 26.20 a 20.73 a
8 24.38 b 9.67 a 29.77 b 21.54 a
Tulameen raw 18.90 a 8.36 a 29.51 a 23.64 a
3 20.53 a 8.99 a 29.83 a 23.58 a
6 19.23 a 8.20 a 29.33 a 23.07 a
8 20.48 a 8.90 a 30.31 a 23.44 a
Glen Magna raw 18.17 a 7.25 a 30.83 b 21.89 b
3 19.76 a 7.12 a 28.18 a 19.45 a
6 19.13 a 6.83 a 28.96 a 19.53 a
8 19.34 a 6.43 a 31.30 b 18.32 a
Main Factors
Cultivar Heritage 22.65 b 9.18 b 27.75 a 21.96 b
Tulameen 19.78 a 8.61 b 29.74 b 23.43 c
Glen Magna 19.09 a 6.90 a 29.81 b 19.79 a
Day of shelf-life raw 19.60 a 8,45 a 29,25 ab 23,18 b
3 21.04 ab 8.39 a 28.53 a 21.53 a
6 20.00 ab 7.75 a 28.16 a 21.11 a
8 21.40 b 8.33 a 30.45 b 21.09 a
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colour parameters a* and b*, anthocyanins, acidity
and SSC, opposite to scavenging activity, polyphenols
content, L* and pH. PC2 (23.7%) was positively relat-
ed to ascorbic acid, hue and SSC. In the biplot PC1
versus PC2 the three cultivars are very well distin-
guished. Heritage samples showed positive PC1
scores, linked to their high values of anthocyanins,
acidity, a* and b* values. On the other side of the
plot, ‘Glen Magna’ samples were characterized by
low values on PC1 , due to their high DPPH scaveng-
ing activity and polyphenols content, L* parameter
and pH values. All the ‘Tulameen’ samples had posi-
tive scores on PC2, linked to high ascorbic acid, hue
and SSC. All the raw samples showed positive PC2
scores, being characterized by higher ascorbic acid
content and more brilliant red colour (higher hue
value). These values decreased markedly during
shelf-life and, after only 3 days, all the samples
showed lower PC2 scores. 
4. Discussion and Conclusions
The weight loss can be an important problem dur-
ing the postharvest of raspberry fruit (Haffner et al.,
2002) however, in this experiment it always
remained far below the limit of marketability (6%)
(Haffner et al., 2002) and all fruit showed a good
hydration state at the end of the shelf-life.
As it is visually shown in the PCA analysis, the
raspberry cultivars were characterized by different
quality parameters: in particular ‘Heritage’ by a high-
er anthocyanin content, acidity, a* and b* value,
while ‘Glen Magna’ by a higher phenolic content and
scavenging activity and ‘Tulameen’ by a higher ascor-
bic acid content.
At harvest SSC of raw fruit of ‘Heritage’ and
‘Tulameen’ was lower than those reported by the lit-
erature (Çekic and Özgen, 2010; Granelli et al., 2010;
Krüger et al., 2011;) while the values of ‘Glen Magna’
were similar to those described by Mazur et al. (2014
a). The decrease in soluble solids content showed by
all the cultivars during storage, as well as the reduc-
tion in acidity, was probably due to the normal respi-
ration activity of the fruit (Giuggioli et al., 2015). In
any case, SSC was still at a good level at the end of
shelf-life, showing a fairly good potential for these
raspberry cultivars as a ready-to-eat product. It is
well established, in fact, that SSC value is generally
correlated with desirable flavor quality (Kader, 1997).
The decrease of total acidity and the drop of the pH
over time were also observed in other fresh-cut
Fig. 1 - Total content (mean±standard error) of anthocyanins
(A), phenols (B), Ascorbic acid (C) and total scavenging
activity (D) measured in ready-to-eat samples from three
raspberry cultivars, at harvest (raw) and after 3-6-8 days
of shel-life at 3°C. The least significant distance (LSD) for
P≤0.05 is indicated on every single graph.
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products (Wright and Kader, 1997).
Tissue softening is a very serious problem and it
often represents a limiting factor for many ready-to-
eat products. Since consumers tend to want firm
fruit, it is essential to evaluate fruit firmness in order
to better assess the global quality of the product dur-
ing shelf-life. Firmness of fresh-cut fruits has been
widely reviewed but no data about this kind of ready-
to-eat whole product are available. Besides, raspber-
ry fruit is very fragile and the firmness is difficult to
measure. The decrease in the firmness showed after
only 3 days, even though the fruit tissues weren’t
injured by cutting, could be due to the necessary
washing and sanitizing step. This operation consisted
of a first dip in chlorinated water, to reduce the
microbial loads on the fruit surface, and a second
rapid dip in tap water, to eliminate residual chlorine
and keep the sensorial properties of the untreated
fruit. Moreover, the gentle drying of wet surfaces by
adsorbent paper, a crucial step to remove the excess
water, could cause mechanical damage to such deli-
cate raspberries structures even though it is carried
out carefully.
The stress caused from the washing step might
also have affected the fruit color. By the way, the
darkening of the fruit, which could affect the con-
sumer choice, is reported by other authors (Haffner
et al., 2002; Giovanelli et al., 2014) for fresh or
packed raspberries stored in normal atmosphere at
low temperature. In addition, Haffner et al. (2002)
showed that storage in controlled atmosphere kept
the berries more attractive than when stored in nor-
mal atmospheres.
Raspberry red colour is usually related to their
anthocyanin composition (García-Viguera et al.,
1998). The higher initial anthocyanin content (Fig.
1A) and the higher value of the red parameter a*
(Table 2) observed in ‘Heritage’, if compared to the
other two cultivar, would confirm this positive corre-
lation. The slight decrease of anthocyanin showed by
the packed raspberry fruit during storage is in accor-
dance with the results of Nunes et al. (2005) on
strawberry stored at 1°C for 8 days. The author
asserted that pigment degradation may be caused by
the increased polyphenols oxydase activity as a result
of physiological stress due to water loss during stor-
age. Conversely, other authors reported an increase
of the total anthocyanin content both in raspberry
packed and stored at 4°C for 7 days (Giovanelli et al.,
2014) and in fresh fruit stored at 20°C for 1 day
(Krüger et al., 2011).
The total phenolics content (TPC) (Fig. 1B) of raw
Fig. 2 - PCA biplot of quality and nutritional parameters during shelf-life of ready-to-eat raspberry fruit from the cultvars Heritage (H),
Tulameen (T) and Glen Magna (G) after 0(raw)-3-6-8 days of shelf-life at 3°C (SSC=soluble solids content; L*, a*, b*, hue=colour
parameters; DPPH=Scavenging activity).
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‘Heritage’ reflected the findings of Cekic and Özgen
(2010) whereas de Ancos et al. (2000) and Granelli et
al. (2010) reported lower TPC values for this cultivar.
TPC observed in the cv. Tulameen (Cekic and Özgen,
2010; Kruger et al., 2011) and ‘Glen Magna’ (Mazur
et al., 2014 a) were in accordance with those reported
in the literature. The stability of phenolics showed by
the analyzed cultivar during shelf-life was also report-
ed by Giovanelli et al. (2014) for fresh fruit and by de
Ancos et al. (2000) for another type of processed
raspberries product such as long-term frozen stored.
Ascorbic acid is one of the most important para-
meters used to control plant-derived food quality.
Reduced temperature after harvest is considered to
be important for its content in fruit (Krüger et al.,
2011). The decrease trend of the ascorbic acid of the
analyzed cultivars during storage fully reflects the
findings of de Ancos et al. (1999) and Krüger et al.
(2011). Our results are, instead, not in accordance
with Kalt et al. (1999) and Haffner et al. (2002) who
found that AA level of raspberries, not washed and
kept in normal atmosphere, was not reduced by sev-
eral days of cold storage. A reasonable explanation
for this discrepancy may be found in the washing
step involved in the ready-to-eat processing: the
hypochlorite contained in the sanitizing solution used
could have oxidized the ascorbic acid, as reported by
Bielski (1982).
It is well known that the scavenging activity of
raspberry fruit is due to their high content of antho-
cyanins, phenolics and ascorbic acid (Krüger et al.,
2011). A significant correlation (R2 = 0.857) was
observed between the DPPH values and those of
total phenol whereas the scavenging activity were
not significantly correlated with total anthocyanins
nor ascorbic acid. Our results, although lower than
those found by Benvenuti et al. (2004), confirmed
that the radical scavenging is related mainly to total
phenol content.
The results of this study indicated the loss of firm-
ness as the more problematic aspect of the ready-to-
eat raspberries, followed by a less important change
of the fruit colour from light red to dark red. The vari-
ations of chemical-physical parameters such as solu-
ble solids content, pH and total titratable acidity, did
not compromise the product quality. The processing
(washing and packing) and the cold storage affected
only slightly the nutraceutical profile, except for
ascorbic acid, therefore the ready-to-eat raspberries
could be considered a good source of compounds
with potential health benefits. Some handling diffi-
culties were highlighted during the processing steps
of the samples (washing, drying and packing) due to
the high fragility of fruit which caused a high percent-
age of waste. The hollow structure of raspberries
made the drying step particularly difficult, however
this is necessary as the residual water inside the fruit
could significantly compromise the shelf-life of the
product. In order to make this product more attrac-
tive to the consumers the loss of firmness and the
darkening should be limited. For this purpose an
alternative washing system like a fine spray and a
packing in modified atmosphere could be adopted.
References
AOAC, 1985 - Official methods of analysis, 16th edition. -
Association of Official Analytical Chemists, Washington
DC, USA.
BENVENUTI S., PELLATI F., MELEGARI M., BERTELLI D.,
2004 - Polyphenols, anthocyanins, ascorbic acid and
radical scavenging activity of Rubus, Ribes and Aronia.
- J. Food Sci., 69(3): 164-169.
BIELSKI B.H.J., 1982 - Chemistry of ascorbic acid radicals,
pp. 81-100. - In: SEIB P.A., and B.M. TOLBERT (eds.)
Ascorbic acid: chemistry, metabolism and uses. ACS
Publications, Washington, DC, USA, pp. 604. 
BRAND-WILLIAMS W., CUVELIER M.E., BERSET C., 1995 -
Use of a free radical method to evaluate antioxidant
activity. - Lebens. Wiss. Technol., 28: 25-30.
ÇEKIC Ç., ÖZGEN M., 2010 - Comparison of antioxidant
capacity and phytochemical properties of wild and cul-
tivated red raspberries (Rubus idaeus L.). - J. Food
Compost. Anal., 23: 540-544.
DAVEy M.W., DEKEMPENEER E., KEULEMANSA J., 2003 -
Rocket-powered high-performance liquid chromato-
graphic analysis of plant ascorbate and glutathione. -
Anal. Biochem., 316: 74-81.
DAVEy M.W., MONTAGU M., VAN INZE D., SANMARTIN
M., KANELLIS A., SMIRNOFF N., BENZIE I.J.J., STRAIN
J.J., FAVELL D., FLETCHER J., 2000 - Plant L-ascorbic
acid: chemistry, function, metabolism, bioavailability
and effects of processing - J. Sci. Food Agric., 80: 825-
860.
DE ANCOS B., GONZALEZ E., CANO M.P., 1999 -
Differentiation of raspberry varieties according to ant-
hocyanin composition. - Z. Lebensm. Unter Forsch A,
208: 33-38.
DE ANCOS B., GONZALEZ E., CANO M.P., 2000 - Ellagic
acid, vitamin C and total phenolic contents and radical
scavenging capacity affected by freezing and frozen
storage in raspberry fruit - J. Agric. Food Chem., 48:
4565-4570.
FU L., XU B.T., XU X.R., GAN R.y., ZHANG y., XIA E.Q., LI
H.B., 2011 - Antioxidant capacities and total phenolic
contents of 62 fruits. - Food Chem., 129: 345-350.
GARCíA-VIGUERA C., ZAFRILLA P., ARTéS F., ROMERO F.,
406
Adv. Hort. Sci., 2018 32(3): 399-406
ABELLáN P., TOMáS-BARBERáN F.A., 1998 - Colour and
anthocyanin stability of red raspberry jam. - J. Sci. Food
Agric., 78(4): 565-573.
GIOVANELLI G., LIMBO S., BURATTI S., 2014 - Effects of
new packaging solutions on physico-chemical, nutri-
tional and aromatic characteristics of red raspberries
(Rubus idaeus L.) in postharvest storage. - Postharvest
Biol. Technol., 98: 72-81.
GIUGGIOLI N.R., BRIANO R., BAUDINO C., PEANO C., 2015 -
Effects of packaging and storage conditions on quality
and volatile compounds of raspberry fruits. - CyTA J.
Food, 13(4): 512-521.
GIUSTI M.M., WROLSTAD R.E., 2001 - Characterization and
measurement of anthocyanins by UV-Visible spec-
troscopy, pp. F1.2.1 - F1.2.13. - In: WROLSTAD R.E, T.E.
ACREE, H. AN, E.A. DECKER, M.H. PENNER, D.S. REID,
S.J. SCHWARTZ, C.F. SHOEMAKER, and P. SPORNS (eds)
Current protocols in food analytical chemistry. John
Wiley and Sons, New york, USA, pp. 1000.
GRANELLI G., MARIANI L., PARISI S., ECCHER T., LO SCALZO
R., BUCCHERI M., CORTELLINO G., UGHINI V., 2010 -
Influence of genotype, location and year factors on
quality and health promoting compounds of Rubus
fruits - Acta Horticulturae, 626: 697-704.
HAFFNER K., ROSENFELD H.J., SKREDE G., WANG L., 2002 -
Quality of red raspberry Rubus idaeus L. cultivars after
storage in controlled and normal atmospheres -
Postharv. Biol. Technol., 24: 279-289.
HAMINIUK C.W., MACIEL G.M., PLATA-OVIEDO M.S.,
PERALTA, R.M., 2012 - Phenolic compounds in fruits -
An overview. - Int. J. Food Sci. Technol., 47: 2023-2044.
KADER A. A., 1997 - Fruit maturity, ripening, and quality
relationships. - Acta Horticulturae, 485: 203-208.
KäHKÖNEN M.J., HOPIA A.I., VUORELA H.J., RAUHA J.,
PIHLAJA K., KUJALA T.S., HEINONEN M., 1999 -
Antioxidant activity of plant extracts containing pheno-
lic compounds. - J. Agr. Food Chem., 47: 3954-3962.
KALT W., FORNEy C.F., MARTIN A., PRIOR R.L., 1999 -
Antioxidant capacity, vitamin C, phenolics, and antho-
cyanins after fresh storage of small fruits. - J. Agric.
Food Chem., 47: 4638-4644.
KAUR C., KAPOOR H.C., 2001 - Antioxidants in fruits and
vegetables “the millenium’s health”. - Int. J. of Food Sci.
and Tec., 36: 703-725.
KRüGER E., DIETRICH H., SCHÖPPLEIN E., RASIM S.,
KüRBEL P., 2011 - Cultivar, storage conditions and
ripening effects on physical and chemical qualities of
red raspberry fruit. - Postharv. Biol. Technol., 60: 31-37.
MAZUR S.P., NES A., WOLD A.-B., REMBERG S. F., AABy K.,
2014 a - Quality and chemical composition of ten red
raspberry (Rubus idaeus L.) genotypes during three har-
vest seasons. - Food Chemistry, 160: 233-240.
MAZUR S.P., NES A., WOLD A.B., REMBERG S.F.,
MARTINSEN B.K., AABy K., 2014 b - Effect of genotype
and storage time on stability of colour, phenolic com-
pounds and ascorbic acid in red raspberry (Rubus
idaeus L.) jams. - Acta Agric. Scand. Sect. B - Soil Plant
Sci., 64: 442-453.
NUNES M.C.N., BRECHT J.K., MORAIS A., SARGENT, S.A.,
2005 - Possible influences of water loss and polyphenol
oxidase activity on anthocyanin content and discol-
oration in fresh ripe strawberry (cv. Oso Grande) during
storage at 1°C - J. Food Sci., 70(1): 79-84.
OECD, 2012 - Education at a Glance 2012. - Organisation
for Economic Cooperation and Development
Publishing, Paris-Cedex, France.
PANTELIDIS G., VASILAKAKIS M., MANGANARIS G.A.,
DIAMANTIDIS G., 2007 - Antioxidant capacity, phenol,
anthocyanin and ascorbic acid contents in raspberries,
blackberries, red currants, gooseberries and Cornelian
cherries. - Food Chemistry, 102(3): 777-783.
SINGLETON V.L., ROSSI J.A., 1965 - Colorimetry of total
phenolics with phosphomolibdic-phosphotungstic
reagents. - Am. J. Enol. Vitic., 16: 144-158.
SZAJDEK A., BOROWSKA E.J., 2008 - Bioactive compounds
and health-promoting properties of berry fruits: A
Review. - Plant Foods Hum. Nutr., 63: 147-156.
SZETO y.T., TOMLINSON B., BENZIE I.F., 2002 - Total
antioxidant and ascorbic acid content of fresh fruits
and vegetables: implications for dietary planning and
food preservation. - Br. J. Nutr., 87: 55-59.
WILLIAMS R.J., SPENCER J.P.E., RICE-EVANS C., 2004 -
Flavonoids: antioxidants or signalling molecules? - Free
Radical Biology and Medicine, 36: 838-849.
WRIGHT K.P., KADER A.A., 1997 - Effect of slicing and con-
trolled-atmosphere storage on the ascorbate content
and quality of strawberries and persimmons - Postharv.
Biol. Technol., 10: 39-48.
